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W(X, > 1 ) = 


t 


Comment 
Remember that W(X, > 1.( < 
hold, i.e. the stock of 
Sured load carrying of a 
thus fulfills the supply 
wind turbines to the sto 
pability of the resultin: 
could dispense with some 
adding wind turbines and 
carrying capability fulf 
capacity credit of wind 
amount of conventional c: 
with. 


Unfortunateiy, both defi: 
numerical point of view : 
implicitly included by t 
avoid this problem it see 
hypothetical firm capacit 
hoped that the resulting 
is negligible. We then ge 


Definition 5 (Equivalent 
The capacity credit of wi 
by the firm capacity ct 


W(X tci <1,) = W( 


à i 
Baak, A 


subject Co 


W(X +X) < l.) = W(X +Y. < 1,) 
Comment 

As has been mentioned we assume that W(X, <1,) <a or, 
equivalent, gy, (a) > 1, for all t€T. Thus, the stock of 
conventional capacity has an assured load carrying capa- 
bility of at least the expected peak load and consequently 
fulfills the supply concept of the utilities (Condition 1). 
As any additional capacity - conventional as well as wind tur- 
bine capacity - can be assumed to always increase the 
assured load carrying capability of the stock, it holds 

that 


9+16 (9) - gy y, (9) > Gx, (a) > مړل‎ 


Thus, definition 3 guarantees Chat the supply concept of 


the utilities is fulfilled. 


Adding wind turbines to the stock of conventional capac- 
ity the assured load carrying capability of the resulting 
system is higher than that one of the stock or, the pro- 
bability that the expected peak load cannot be met de- 
creases. The same effect could be achieved by adding 
additional conventional capacity to the stock. The capac- 
ity credit of wind turbines is given by exactly that 
amount of conventional capacity that would yield that 
effect. 


Definition 4 
The capacity credit of wind turbines at time t€T is given 


by the conventional capacity 
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MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS 
STANDARD REFERENCE MATERIAL 1010a 
(ANSI and ISO TEST CHART No. 2) 

























2 being not too close together the distributions of the 


Xt» will presumably be different and 
the same will hold with regard to the distributions of the 
random variables Yt., 


ider two finiti f apaci cre- | i f ۱ 
— — —— 2 — v t — variable "available capacity of wind turbines in the sea- 


dit of period T which may be accepted by the utilities. random variables X,,, 


son ..." also holds for smaller periods (weeks, days) 


Both definitions will be given in conjunction with the EFC- 
the whole season. 


concept. Corresponding definitions in conjunction with the Yt,. Thus, in order to calculate a 


capacity credit according to Definition 7 it will be ne- 









ELCC-concept are straightforward and will be omitted. 







: course, the problem of the time dependence omits from 
cessary to determine for a given site at which times of a . 


| a formal point of view if the capacity credit is related 
given period (year) the a.m. distributions ۷ 





Definition 7 (Mean value concept) will be signifi- 


to a fixed time by definition. However, when using such a 





Definition 6 (Effective Load Carrying Capability Concept) 
The capacity credit of wind turbines at time t€T is given 


by the firm capacity ct resulting from 





) = W(X +Y 


t ¿< lute. 


W(X, > 1, 





The capacity credit of wind turbines in the period T is cantly different and also to determine the explicit form 


definition one should be aware that for the definition 


۱ ۱ i Of the different distributi Le 1 
à 10115. This t | 
given by the firm capacity topic has hardly been to make sense one implicitly has to assume that there will 

















paid any attention up to now. 





not beamismatch between the available capacity and the 






expected load at other instants then the fixed time. 
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Definition 8 is justified bythe fact that the coincidence 
Of power a 





vailability and peak demand is essential in power 
System studies [4]. 


for all ۰ 
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Let us finally sum up as follows. It has been shown that ———": ne 


the term Capacity credit is an extremely complex term. Up 
tO now there are a lot of questions left open as is also 


indicated by the number of different definitions. 


116 capacity credit of wind turbines in the period T is 


given by the capacity credit at thetime t* of the peak 


Reliability Planning in Distributed Electric 


load in period T, i.e. the capacity credit is given by the 
October 1978. 


California, 
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firm capacity d resulting from 
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The capacity credit must be based on the su — 


the utilities 


pply concept of 
which is roughly characterized by installing 
y to that amount that the assured load carryi 


pability of all power plants is at least equal to t 


W(X, +¥ 








The Capacity Credit of 
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Diesendorf, 
A Numerical Model. 
on Wind Energy Systens, 








capacit 


Before we are going to comment on these definitions it Copenhagen 







should again be emphasized that both definitions only are 







Let us now consider two different times Ey rt) (t,#t,). If 
there is a period of two months between E, and t, the 
conventional power plants being maintained at t4 wili 
differ from those being maintained at t5. Thus, the dis- 
tribution of the random variable Xt, will differ from the 
distribution of the random variable Xt». Furthermore, the 
wind speeds prevailing at t4 can be expected to be signi- 
ticantly different from those prevailing at t5. Consequent- 
ly, the random variable Yt. will have another distribution 
than the random variable Ye)” Finally, the expected peak 
loads will differ, i.e. lt, .م۶1‎ As a result of these chan- 
ges the capacity credit at t, will not equal the capacity 
credit at tə- 

It must be assumed that different values for t will in ge- 
neral result in different capacity credits unless the ti 
are not too close together. The question arises which ca- 


pacity credit is the real capacity credit? 





pected peak load. A Samenwerkende Elextriciteits-Productiebedrijven: 
p S both the expected peak load and the Voorstel van de Commissie samenwerking inzake de bepaling 


proposals. There does not exist a uniform definition of 






4,2 [HE CAPACITY CREDIT OF A PERIOD 





assured carrying capability vary within a given time of —-——Ó 


reference - usually one year 


the capacity credit up to now. van het vereiste productievermogen. 







- it is obvious that the ca- 
Paclty credit should take into account this time dependence 
Unfortunately, however, 


Elektrische Kraftwerkstechnik. Springer-Verlag 





Schafer, 


According to Definition 7 the capacity credit in period Berlin 1979. 


up to now there does not exist 
Sufficient detailed knowledge regarding the time dependence 
of wind energy production. 


T is equal to the mean capacity credit of that period. Begriffsbestimmungen in der Energiewirtschaft, 


Elektrizitátswirtschaftliche Grundbegriffe, 
Frankfurt, 


As the mean value criterium is a customary criterium of Auflage, 


evaluation and as Definition 7 fulfills the supply con- It is known that there is a 


seasonal pattern of wind energy production but the question 


is still left open whether the distribution of the random 


cept of the utilities, Definition 7 would presumably not 
be rejected by the utilities. However, this capacity cre- 
dit will be difficult to calculate. 





Considering two times 


Of course, the a.m. question can only be answered by the 
utilities, i.e. we have to know which evaluation crite- 
rium is used by the utilities. However, up to now the 
utilities have not been confronted with highly stochastic 
energy sources as is the wind energy. Thus, it is not 


Surprising that there does not exist any uniform criterium. 
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